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Text S1. Synthesis of Lepidocrocite
The method for synthesis of lepidocrocite (Lp) was modified from Schwertmann. 5 Briefly, 60 mM solution of FeCl2 (71.6 g of FeCl2.4H2O in 6 L DDI water, with a pH between 3.53 -3.79) was purged with N2 for 2 h. NaOH (~15 mL, 1 M) was titrated slowly to the strongly stirred solution to increase the pH to a range of 6.65 -6.76. When the pH had stabilized, oxygen was bubbled through the solution to initiate the Fe(II) oxidation process. During the synthesis, the solution was continuously and vigorously stirred and temperature was kept at 15 o C. The flow of oxygen was adjusted in the range of 360-1200 ml/min, keeping the base addition constant at 6 ml/min. The pH was kept between 6.60 -6.75 throughout the synthesis with NaOH (731 ml, 1 M). During the synthesis, the color changed from the initial green-yellow to green-blue, black and then to brown-orange. After 2 h, a bright orange suspension was formed. The suspended particles were collected by centrifugation and repeatedly washed by resuspension and centrifugation with DDI water until the electrical conductivity of the suspension had decreased from 2500 µS/cm to 46 µS/cm. Finally, the solid was collected and dried with stream of N2. Vigorous stirring and slow addition of NaOH to the reaction mixture, in between the center and the walls of the reaction vessel right above the stirrer were essential to avoid formation of goethite and magnetite as byproducts.
Text S2. Lepidocrocite characterization
X-ray Diffraction. The dried samples of lepidocrocite were analyzed by X-ray diffraction analysis (X'Pert powder diffractometer with XCelerator, PANalytical, Almelo, the Netherlands) to determine the phase purity and to estimate the particle size.
ATR-FTIR spectroscopy. A suspension of synthesized lepidocrocite (30 mg/ml) was prepared in DDI H2O. One µl from the suspension was air dried on the ATR-element prior to record a FTIR spectra on Biorad FTS 755C instrument equipped with a liquid N2-cooled mercury cadmium telluride (MCT) detector and a nine reflection ATR unit (SensIR Technologies, Danbury, CT).
Transmission Electron Microscopy. Direct imaging of lepidocrocite was taken in the transmission electron microscope (HD2700Cs, Hitachi, Japan) to estimate the particle shapes and dimensions.
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Text S3. Details on ATR-FTIR measurements
FTIR spectra (4000-400 cm -1 , 2 cm -1 resolution, 32 or 64 scans) were recorded on a Biorad FTS 575C instrument equipped with a liquid N2-cooled mercury cadmium telluride (MCT) detector and a nine reflection diamond ATR unit (SensIR Technologies, Danbury, CT). Absorbance spectra were obtained from single beam background spectra (I0) and single beam sample spectra (IS), with the relation absorbance=log10(I0/IS). FTIR spectral analysis were performed with routines written in Matlab.
The following procedure was employed before performing any dissolution experiments. A single-beam spectrum of the blank ATR crystal was measured as the background spectrum for the calculation of absorbance spectra of an initial Lp layer. A thin layer of 40-60 µg Lp was formed on the ATR crystal (diamond, ϕ 4 mm) by spraying 2 µL of a 30 mg/mL Lp suspension with an ultrasonicator tip (Sonozap ultrasonic atomizer). IR absorbance spectra of the Lp layer were recorded after drying the layer with a gentle stream of N2. The layer was rinsed several times with a gentle stream of DDI water and subsequently dried, until the absorbance did not decrease due to detachment of loosely adhering particles. Subsequently, a 50 ml polypropylene beaker was mounted onto the ATR unit and the layer was covered with 40 ml aqueous solution of 9.5 mM NaCl (38 ml 10 mM NaCl) and 5 mM MES/MOPS (2 ml 100 mM MES/MOPS stock solution). To measure the adsorption isotherm of EDTA on lepidocrocite at pH 6, 10-200 µM EDTA were added to the deoxygenated aqueous solution (40ml 10 mM NaCl, 5 mM MES) S5 covering lepidocrocite layer in the ATR unit. FTIR spectra were recorded continuously to follow the characteristic changes (increase/decrease) of absorbance. In an another experiment, 50 µM EDTA was added to lepidocrocite layer at different pH ranges (pH 3-6) to observe the spectral changes of adsorbed EDTA due to (de/)protonation.
Text S4. Actinometry
An actinometer solution (1 ml of 1. 
Text S5. Estimation of photochemically produced Fe(II)
The decrease of the absorbance of Lp during the two irradiation periods was 0.01-0.012 absorbance units, which corresponds to 1.4-1.7% dissolution of the 40-60 µg Lp (initial absorbance of ca. 0.8, see Table S2 ). Assuming that photo-reductive dissolution is the dominant process during illumination, we thus formed 0.14-0.25 µM Fe(II) calculated over the solution volume of 40 ml. We note that in all ATR-FTIR measurements, EDTA was in excess (40 ml of 50 µM EDTA = 2 µmol ) compared to Lp in the layer (40-60 µg = 0.45-0.68 µmol Lp and 21-32 nmol surface sites with 63 m 2 g -1 and 5 sites nm -2 ). EDTA was also in large excess over photoproducts formed. During illumination, we observe mainly photo-reductive dissolution as described in previous studies [1] [2] [3] [4] 6 and possibly some additional Fe(II)catalyzed non-reductive dissolution, while we observe only the latter after illumination stops.
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Text S6. Kinetic model
Equilibrium reactions in the model are described as forward and back reactions in the input file of the kinetic program ACUCHEM (see Table S5 ). This means that all equations with a double arrow consist of two equations in the program code and the corresponding equilibrium constant is the ratio of the forward over back-reaction rate coefficients (kf/kb). Since we did not aim to determine the kinetics of complex formation for dissolved or adsorbed complexes, we entered a value of 1·10 6 s -1 for the unimolecular back reactions and an adjustable parameter for the forward reaction. This makes all equilibrium reactions fast and not rate determining on the investigated time scale. The rate-determining reactions are either the electron transfer (R7) or the detachment of Fe(III)EDTA from the reduced surface site (R8). By variation of rate coefficients, we found that either R7 or R8 or a combination of both steps could be rate determining. Experimentally, we can only measure the rate of formation of dissolved Fe(III)L and we have currently no technique to measure the kinetics of the ET and detachment separately. Since Fe(II) complexed to EDTA is a strongly reducing species, we assigned a fixed value to k7(ET) that is higher than the value for k8 and adjusted the rate coefficient k8 for the detachment of Fe(III)L as the rate determining step. When reactions R7 and R8 are combined into one reaction (≡Fe III -Fe II -L → ≡Fe II + Fe III L), the same value for the combined rate coefficient is obtained as the value for the Fe(II)-catalyzed detachment (k8) listed in Table 1 (log(k8)= -0.64). Important parameters in the model are the concentration of active sites for the dissolution reactions (p1 to p4). The site concentration for the adsorption of Fe(II), EDTA and Fe(III)EDTA were obtained from adsorption data and fits as shown in Figure S10 . They agree with ranges for iron(hydr)oxides reported in the literature. 7, 8 The fitted concentration of active sites determined from dissolution experiments were a factor of 50-75 smaller than for the sites for adsorption. Increasing their concentration could be compensated by decreasing kET, but only in a narrow range. More than a doubling of this site concentration lead to significantly worse fits. A lower concentration of sites that are active for dissolution has been used in models describing the dissolution of hematite 9 and agrees with the understanding that dissolution proceeds on kink and step sites 10 whose concentrations are smaller than the sum of adsorption sites measured in adsorption experiments.
It is important to point out that the purpose of the model is to show that the suggested reactions can S7 explain the experimental results and to explore the importance of the listed reactions, not to determine rate coefficients. We currently don't have sufficient data to uniquely determine the listed rate coefficients.
Text S7. Structures and photo-reactivity
The observation that the photolysis of adsorbed EDTA starts with the onset of UV-irradiation ( Fig. 4) is an indication for inner-sphere complexation of EDTA with Fe(III) at the surface. Un-complexed EDTA is not photo-reactive and the yield of OH-radicals by UV-illumination of Fe(III)hydroxides is low 11 The EDTA must be bound as an inner-sphere complex with a metal to ligand charge transfer Each experiment is listed below as n1 and n2.
Added [Fe(II)]
(µM)
Lp dissolution rate (% h -1 ) Catalytic Effect (CE)* ATR-FTIR measurements a (Fig.3 (Fig. S4 ). The characteristic peaks at 1160 and 1021 cm -1 correspond to in-plane bending (δ-OH) and 752 cm -1 to outer-plane banding (δ-OH) of Lp structure.
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The inset is the transmission electron microscope image of Lp structure. Samples of 2 ml suspensions were filtered through 0.2 um nylon filters and washed with 2 ml nanopure H2O. The filtrate was resuspended in 2-5 µl H2O and transferred onto the ATR-diamond disk and dried in a stream of N2 before absorbance spectra were measured. Traces of goethite in lepidocrocite and changes in goethite fractions can be detected with a sensitivity of better than 1%.
Wavenumbers (cm
Formation of magnetite can be detected by a broad increase of absorbance.
In our experiments with 1-10 µM added Fe(II), we did not detect formation of goethite or magnetite on the time scale of our experiments. Our synthesized Lp contained a fraction of < 1.5% Gt impurity (which was detectable with FTIR, but not in the XRD diffractogram). This fraction did not change during our experiments. We did not observe formation of Gt or Mgt during our experiments with 0.2- Absorbance at 1408 cm (x10 ) The conditional equilibrium constant for the complex formation of EDTA with Fe(II) at pH 6.0 in 9.5 mM NaCl was calculated with Visual Minteq (https://vminteq.lwr.kth.se/). With 50 µM EDTA and 1-10 µM dissolved Fe(II), 99.86% of Fe(II) is present as Fe II EDTA 2-, and only 5·10 -12 M is present as non-complexed Fe 2+ . Towards the end of Lp-dissolution with 50 µM EDTA with 1-2 µM dissolved Fe(II) and 45 µM dissolved Fe(III), 99.86% of dissolved Fe(II) is still present as Fe II (EDTA) 2and Fe(III) is to 97.96% present as Fe III (EDTA)and to 2.03% as Fe III 
